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© Progressive multifocal lens. 

© In a progressive multifocal lens of the present 
invention, the values of a curvature pm of a refract- 
ing surface along the principal meridional curve and 
a curvature ps of the refracting surface in a direction 
perpendicular to the principal meridional curve be- 
come maximum at approximately the center of a 
nearsight portion on the principal meridional curve, 
decrease toward the peripheral region of the near- 
sight portion along the principal meridional curve, 
are substantially different from each other at least 
from the lower portion of a farsight portion to ap- 
proximately the center of a intermediate portion, are 
substantially equivalent from approximately the cen- 
ter of the intermediate portion to the lower portion of 
the intermediate portion, and are substantially dif- 
ferent from each other from the lowest portion of the 
intermediate portion and the nearsight portion. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a progressive 
multifocal lens used to assist an accommodation 
power of an eye. 

Related Background Art 

As spectacle lenses for assisting an accom- 
modation power when an accommodation power of 
an eye becomes too weak to see a near point, 
various progressive multifocal lenses have been 
known. A progressive multifocal lens of this type 
has a "farsight portion", a "nearsight portion" and a 
progressive region (referred to as an "intermediate 
portion" hereinafter) which is located between the 
above two portions in which a refracting power is 
continuously changed. When the progressive mul- 
tifocal lens is actually worn as spectacles by a 
user, the farsight portion becomes an upper portion 
while the nearsight portion becomes a lower por- 
tion, in the present invention, it is to be noted that 
"upper portion", "lower portion", "horizontal" and 
"vertical" are used to point positions of the pro- 
gressive multifocal lens in the state that it is ac- 
tually worn by the user. For example, the lower 
portion of the farsight portion is a position within 
the farsight portion close to the intermediate por- 
tion. Also, the difference between the nearsight 
refracting power and the farsight refracting power is 
called an additional power. 

In a progressive multifocal lens of this type, in 
general, when wide distinct vision areas (ranges 
with an astigmatic difference of 0.5 diopter or less) 
of the farsight and nearsight portions are kept and 
coupled by the progressive power range, lens ab- 
errations are concentrated on side portions of the 
progressive power range. As a result, blurring and 
distortion of an image occur in these side portions. 
Therefore, when a user wears spectacles formed of 
these multifocal lenses and shifts his eyes laterally, 
he perceives the distortion of an image as the 
fluctuation of the image and has an unpleasant 
feeling. 

In order to prevent such a problem of visual 
characteristics, in known progressive power lenses, 
various designs and evaluations have been made 
from a variety of viewpoints. As for the shape of a 
lens surface, an intersecting line (principal meridi- 
onal curve) defined by a section extending along a 
vertical meridian vertically passing through sub- 
stantially the center of a lens surface and an ob- 
ject-side lens surface is used as a reference line 
for expressing specifications such as an additional 
power of a lens, and is also used as an important 
reference line in a lens design. 



As shown in Fig. 1, a progressive multifocal 
lens has been proposed in which an intermediate 
portion P and a nearsight portion N are asymmet- 
rically arranged in consideration of the fact that a 
5 nearsight eye point (not shown) of the nearsight 
portion N is slightly displaced from the center 
toward a nasal side when the lens is worn 
(hereinafter referred to as an asymmetrical pro- 
gressive multifocal lens). 
70 Also, in such an asymmetrical progressive mul- 

tifocal lens, a center line MM' consisting of an 
intersecting line of an object-side lens surface and 
a section passing the center OF of a farsight por- 
tion F, a farsight eye point E and the center of the 
75 nearsight portion N is used as a reference line. 
These reference line will be referred to as "princi- 
pal meridional curves" in the present invention. 

As conventional progressive multifocal lenses, 
there are a type in which a lens surface is formed 
?o by microscopic spherical surfaces connected con- 
tinuously along a principal meridional curve over its 
entire line, i.e., formed by a so-called umbilical 
point curve and a type in which a refracting surface 
is formed such that the curvature P m along the 
25 principal meridional curve and the curvature P s in 
the direction perpendicular to the principal meridi- 
onal curve are substantially different from each 
other on a portion of the principal meridional curve. 
Namely, regarding the surface shape on the 
30 principal meridional curve, conventional progres- 
sive multifocal lenses can be classified roughly into 
a type in which the curvature P m along the princi- 
pal meridional curve and the curvature P s in the 
direction perpendicular to the principal meridional 
35 curve are approximately equivalent over the entire 
line of the principal meridional curve to be an 
umbilical point form and a type in which the cur- 
vature P m along the principal meridional curve and 
the curvature P s in the direction perpendicular to 
40 the principal meridional curve are substantially dif- 
ferent from each other in at least a portion on the 
principal meridional curve. The present invention is 
applicable to both types of progressive multifocal 
lenses. 

45 Minkwitz's low carried in Optica Acta (Volume 

10, No. 3, July 1963) says that it is necessary not 
to make at least an intermediate portion along the 
principal meridional curve in the umbilical form. 
Namely, according to Minkwitz's low, it is said that 

50 when a lens surface is in the umbilical point form 
over the entire principal meridional curve, the as- 
tigmatic difference of a surface refracting power of 
a lens is increased at a rate of double the surface 
refracting power along an umbilical point, making it 

55 impossible to obtain a wide distinct vision area. 

As a conventional progressive multifocal lens 
adopting the above-mentioned Minkwitz's low, e.g., 
there is a lens disclosed in Japanese Patent Ap- 
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plication Laid-Open No. 52-110646. According to 
Minkwitz's low, this lens is structured such that the 
curvature pm along the principal meridional curve 
and the curvature ps in the direction perpendicular 
to the principal meridional curve are substantially 
different from each other in an intermediate portion 
on the principal meridional curve. That is, a dif- 
ference is provided between two main curvatures 
perpendicular to each other. Thereby, a distinct 
vision area in the intermediate portion can be en- 
larged. 

In a progressive multifocal lens disclosed in 
Japanese Patent Application Laid-Open No. 56- 
78817, the difference between the curvature pm 
along the principal meridional curve and the cur- 
vature ps in the direction perpendicular to the prin- 
cipal meridional curve is increased from a farsight 
porion to a nearsight portion and decreased in the 
nearsight portion. In the lower portion of the near- 
sight portion, two main curvatures become equiv- 
alent. Thereby, distortion of an image in the center 
of the nearsight portion can be reduced. 

Also, in Japanese Patent Application Laid-Open 
No. 59-58415, a progressive multifocal lens 
wherein a portion on the principal meridional curve 
is not in the umbilical form is disclosed. In this 
lens, from a center of a farsight portion located in 
the lower portion of the farsight portion to a periph- 
eral region of the lens (the upper end of the lens) 
and from a center of a nearsight portion located in 
the upper end of the nearsight portion to a periph- 
eral region (the lower end of the lens), the cur- 
vature pm along the principal meridional curve are 
gradually increased and the curvature ps in the 
direction perpendicular to the principal meridional 
curve is kept constant. Thereby, distinct vision 
areas of the farsight and nearsight portions are 
enlarged and it is possible to make the lens thin- 
ner. 

Further, in a progressive multifocal lens dis- 
closed in Japanese Patent Application Laid-Open 
No. 1-221722, the value of the curvature pm along 
the principal meridional curve and the value of the 
curvature ps in the direction perpendicular to the 
principal meridional curve become maximum in 
approximately the upper portion of a nearsight por- 
tion and decrease toward the peripheral region of 
the nearsight portion along the principal meridional 
curve. The value of the main curvature pm and the 
value of the main curvature ps are substantially 
equivalent from at least the lower portion of a 
farsight portion to approximately the center of an 
intermediate portion and substantially different from 
each other in the nearsight portion. Therefore, a 
wide distinct vision area is obtained in the farsight 
portion and vision is improved from the intermedi- 
ate portion to the nearsight portion. Further, in the 
side regions from the lower portion of the farsight 



portion to the nearsight portion where lens aberra- 
tions are liable to be concentrated, the aberration 
density can be decreased to reduce distortion and 
fluctuation of an image. 

5 Thus, in the above-structured conventional pro- 

gressive multifocal lenses, wider distinct vision 
areas can be obtained to a certain extent by adopt- 
ing Minkwitz's low. 

However, the lens in Japanese Patent Applica- 

io tion Laid-Open No. 52-110646 is merely aiming at 
obtaining a wide distinct vision area of the inter- 
mediate portion, and the lens in Japanese Patent 
Application Laid-Open No. 56-78817 is chiefly aim- 
ing at obtaining a wide distinct vision area of the 

75 nearsight portion. Also, the lens in Japanese Patent 
Application Laid-Open No. 59-58415 is only aiming 
at obtaining wide distinct vision areas of the near- 
sight and farsight portions. Although the lens in 
Japanese Patent Application Laid-Open No. 1- 

20 221722 is aiming at obtaining wide distinct vision 
areas of the three portions to decrease the aberra- 
tion density to reduce distortion and fluctuation of 
an image, it is not still sufficient to obtain a wider 
distinct vision area over three portions of the far- 

25 sight, intermediate and nearsight portions and to 
improve visual characteristics of the respective por- 
tions in any of the above conventional lenses. 

Especially, in conventional progressive multi- 
focal lenses, as a visual line passing the principal 

30 meridional curve in an intermediate portion gen- 
erally enters a lens surface not perpendicularly but 
obliquely, a surface astigmatic difference is pro- 
duced if the area of the intermediate portion on the 
principal meridional curve has an umbilical-point- 

35 like surface. 

Recently, there have been requirements for the 
more comfortable vision of the intermediate portion. 
Therefore, it is required to reduce lens aberrations 
in side regions of the intermediate portion to avoid 

40 distortion and fluctuation of an image in those 
regions. Therefore, there is a tendency to lengthen 
the intermediate portion (the refracting power pro- 
gressively changing region) along the principal me- 
ridional curve. Also, a base curve on the entire lens 

45 surface tends to be shallow or gentle. Accordingly, 
the angle by the visual line and the refracting 
surface on the principal meridional curve in the 
intermediate portion, specifically the tilt angle by 
the visual line and the normal line of the refracting 

so surface becomes much larger, which causes occur- 
rence of a serious astigmatic difference. 

Further, recently, in consideration of the fact 
that a nearsight portion comes close to a nasal side 
when a lens is worn, asymmetrical progressive 

55 multifocal lenses in which a nearsight portion is 
arranged asymmetrically have been developed. In 
such a lens, aberrations tend to concentrate on the 
nasal side as compared to a temporal side, so the 
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user feels discomfort due to distortion and fluc- 
tuation of an image. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention 
to provide an asymmetrical progressive multifocal 
lens wherein the aberration density in side regions 
of the principle meridional curve from the lower 
portion of a farsight portion to a nearsight portion, 
in particular, a nasal side region is alleviated. 

In order to achieve the above object, in a 
progressive multifocal lens having, along a principal 
meridional curve, a farsight portion having a refract- 
ing power corresponding to a distant view, a near- 
sight portion having a refracting power correspond- 
ing to a near view and being arranged asymmet- 
rically toward a nasal side, and an intermediate 
portion, located between the farsight and nearsight 
portions, for continuously connecting the refracting 
powers of the farsight and nearsight portions, the 
values of the curvature pm of a refracting surface 
along the principal meridional curve and the cur- 
vature pS of the refracting surface in a direction 
perpendicular to the principal meridional curve be- 
come maximum at approximately the center of the 
nearsight portion on the principal meridional curve, 
decrease toward a peripheral region of the near- 
sight portion along the principal meridional curve, 
are substantially different from each other at least 
from the lower portion of the farsight portion to 
approximately the center of the intermediate por- 
tion, are substantially equivalent from approximate- 
ly the center of the intermediate portion to the 
lower portion of the intermediate portion, and are 
substantially different from each other from the 
lowest portion of the intermediate portion and the 
nearsight portion. 

In a preferred embodiment of the present in- 
vention, the values of the curvature pm and the 
curvature ps are gradually decreased or increased 
from a center of the farsight portion to an upper 
portion of the farsight portion. Also, the average 
refracting power of surface refracting power along 
the principal meridional curve are gradually in- 
creased from the center of the farsight to a farsight 
eye point position and connected to an additional 
power curve of the intermediate portion continu- 
ously and smoothly. 

As shown in Fig. 1, the object of the present 
invention is an asymmetrical progressive multifocal 
lens which has along a principal meridional curve 
MM', a farsight portion F having a refracting power 
corresponding to a distant view, a nearsight portion 
N having a refracting power corresponding to a 
near view, and an intermediate portion P, located 
between the farsight and nearsight portions, for 
continuously connecting the refracting powers of 



the farsight and nearsight portions, and in which 
the nearsight portion N is arranged asymmetrically 
in consideration of the fact that the nearsight por- 
tion comes close to a nasal side when the lens is 
5 worn. 

In order to reduce distortion and fluctuation of 
an image by alleviating the aberration density in 
side regions of the principal meridional curve MM' 
(hereinafter referred to as the principal meridional 
io curve simply) from the lower portion of the farsight 
portion F to the nearsight portion N, in particular, a 
side region of a nasal side, the values of the 
curvature pm along the principal meridional curve 
and the curvature ps in the direction perpendicular 

75 to the principal meridional curve are aimed at, i.e., 
two main curvatures of these are aimed at to find 
an optimum surface shape. 

According to the optimum surface shape of the 
present invention, the values of two main curva- 

20 tures pm and ps become maximum approximately 
at the center of the nearsight portion N on the 
principal meridional curve and decrease toward the 
peripheral region of the nearsight portion N along 
the principal meridional curve. Further, the two 

25 main curvatures pm and ps are substantially dif- 
ferent from each other at least from the lower 
portion of the farsight portion to approximately the 
center of the intermediate portion, are substantially 
equivalent from approximately the center of the 

30 intermediate portion to the lower portion of the 
intermediate portion, and are substantially different 
from each other in the lowest portion of the inter- 
mediate portion and the nearsight portion. 

Also, it is preferable to have the refracting 

35 surface shape such that the values of the curvature 
pm and the curvature ps are gradually decreased 
or increased from the center of the farsight portion 
to the upper portion of the farsight portion. 

More specifically, in the farsight portion F, pref- 

40 erably, from the center OF of the farsight portion F 
to the upper portion of the farsight portion F, the 
value of the curvature pm along the principal me- 
ridional curve is gradually decreased and then in- 
creased and the value of the curvature ps in the 

45 direction perpendicular to the principal meridional 
curve is kept constant for a while and then de- 
creased. Alternatively, depending on the selected 
curvature (refracting power) of the farsight portion 
F, from the center OF of the farsight portion F to 

50 the upper portion of the farsight portion F, the 
value of the curvature pm along the principal me- 
ridional curve is gradually increased and then de- 
creased and the value of the curvature ps in the 
direction perpendicular to the principal meridional 

55 curve is kept constant for a while and then in- 
creased. 

Also, the average refracting power of surface 
refracting power along the principal meridional 
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curve are gradually increased from the center OF 
of the farsight portion to a farsight eye point E 
position and connected to an additional power 
curve of the intermediate portion P continuously 
and smoothly. 

Further, from the center OF of the farsight 
portion F to the upper portion of the farsight portion 
F, the change of the average refracting power of 
surface refracting power preferably satisfies the 
following conditions (1) and (2): 

0.03* £ |AD| £ 0.3* (1) 

0.003* ^ \Dk\ £ 0.03*, (2) 

wherein 

AD : the change amount (diopter) of the aver- 
age refracting power of surface refracting power 
from the center of the farsight portion to the upper 
portion of the farsight portion along the principal 
meridional curve 

A : the additional power (diopter) 

Dk : the gradient (diopter/mm) of the curve of 
the average refracting power of surface refracting 
power from the center of the farsight portion to the 
upper portion of the farsight portion along the prin- 
cipal meridional curve. 

Further, in a position from the center OF of the 
farsight portion F to the farsight eye point E posi- 
tion, it is preferable to satisfy the following con- 
ditions (3) and (4): 

0.025* ^ AD ^ 0.25* (3) 

0.0025* ^ Dk £ 0.025*. (4) 

wherein 

AD : the change amount (diopter) of the aver- 
age surface refracting power from the center of the 
farsight portion to the farsight eye point position 
along the principal meridional curve 

A : the additional power (diopter) . 

Dk : the gradient (diopter/mm) of the curve of 
the average refracting power of surface refracting 
power from the center of the farsight portion to the 
farsight eye point position along the principal me- 
ridional curve. 

When exceeding the upper limits of the con- 
ditions (1) and (3), and astigmatic difference be- 
comes large in side regions of the farsight portion 
F, making it impossible to obtain a wider distinct 
vision area. On the other hand, when falling below 
the lower limits of the conditions (1) and (3), the 
aberrations become considerably asymmetrical be- 
tween the temporal side and the nasal side and in 
particular, the aberrations are larger in the side 
region of the nasal side. 
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Also, the conditions (2) and (4) should be satis- 
fied to attain smooth continuity of the lens refract- 
ing surface. 

In the case of a progressive multifocal lens 
5 designed symmetrically, in the range from the low- 
er portion of the farsight portion F to approximately 
the center of the intermediate portion P on the 
principal meridional curve, the distance from the 
farsight eye point E position is small, so occur- 
to rence of aberrations is comparatively small. There- 
fore, even though the lens surface is approximately 
in the umbilical form, preferable visual characteris- 
tics can be obtained and it is advantageous to 
widen the distinct vision area of the farsight portion 
75 F. 

However, in the case of the asymmetrical pro- 
gressive multifocal lens of the present invention, 
the principal meridional curve MM* (refer to Fig. 1) 
from the lower portion of the farsight portion F to 

20 approximately the center of the intermediate por- 
tion P is close to an area where the lens surface 
starts to be asymmetrical, so if the design method 
for the conventional lens designed symmetrically is 
applied thereto, the astigmatic difference are con- 

25 centrated on side regions of the portion from the 
lower portion of the farsight portion F to approxi- 
mately the center of the intermediate portion P, in 
particular, the astigmatic difference of the side re- 
gion of the nasal side becomes too large as com- 

30 pared to that of the temporal side. Therefore, dis- 
tortion and fluctuation of an image are increased on 
the nasal side, causing the distinct vision areas of 
the farsight and intermediate portions F and P to 
be narrowed. 

35 Then, in the present invention, in a predeter- 

mined additional power along the principal meridi- 
onal curve from the lower portion of the farsight 
portion F to approximately the center of the inter- 
mediate portion. P, a difference is provided be- 

40 tween the curvature pm along the principal meridi- 
onal curve and the curvature pS in the direction 
perpendicular to the principal meridional curve by 
being deviated from the umbilical point. As a result, 
the concentration of the astigmatic difference in the 

45 side regions from the lower portion of the farsight 
portion F to F to approximately the center of the 
intermediate portion P, in particular, the side region 
of the nasal side region is alleviated. Namely, the 
astigmatic difference of the nasal side region will 

so not be concentrated as compared to that of the 
temporal the lowest portion of the intermediate 
portion P to the nearsight portion N and the aberra- 
tion density in the side regions where aberrations 
are liable to be concentrated can be alleviated to 

55 reduce distortion and fluctuation of an image, mak- 
ing it possible to attain a wider distinct vision area. 

Further, two main curvatures pm and ps are 
made substantially equivalent from approximately 
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the center of the intermediate portion P to the 
lower portion of the intermediate portion P. There- 
by, this portion can be connected to the upper 
portion of the intermediate portion P as well as to 
the nearsight portion N continuously and smoothly, 
enabling the preferable vision of the intermediate 
portion. 

In the farsight portion F according to a pre- 
ferred embodiment of the present invention, from 
the center OF of the farsight portion F to the upper 
portion of the farsight portion F, the value of the 
curvature pm along the principal meridional curve 
is gradually decreased and then increased and the 
value of the curvature ps in the direction per- 
pendicular to the principal meridional curve is kept 
constant for a while and then decreased. Thereby, 
it is possible to connect the side regions of the 
farsight portion F and those of the intermediate 
portion P smoothly. As a result, the distinct vision 
area of the farsight portion F can be widened 
(especially, in the nasal side region where aberra- 
tions are liable to be concentrated) and it is possi- 
ble to improve the visual characteristics in the side 
regions of the intermediate portion P. 

In the farsight portion F according to another 
preferred embodiment of the present invention, de- 
pending on the selected curvature (refracting pow- 
er) of the farsight portion F, from the center OF of 
the farsight portion F to the upper portion of the 
farsight portion F, the value of the curvature pm 
along the principal meridional curve is gradually 
increased and then decreased and the value of the 
curvature ps in the direction perpendicular to the 
principal meridional curve is kept constant for a 
while and then increased. Thereby, side region and 
distortion and fluctuation of an image is reduced in 
the nasal side region. Also, reduction of both as- 
tigmatic differences of the nasal and temporal side 
regions is realized and distinct vision areas of the 
farsight and intermediate portions F and P can be 
enlarged. 

The lowest portion of the intermediate portion 
P and the nearsight portion N are spaced apart 
from the area from which the principal meridional 
curve starts to be asymmetrical and then hardly 
receives the influence by its asymmetrical design. 
Therefore, two main curvatures pm and ps are 
substantially differentiated in there, the same as in 
Japanese Patent Application Laid-Open No. 1- 
221722. Thereby, the visual characteristics can be 
improved from the same effect as the above can 
be obtained. 

In still another embodiment of the present in- 
vention, the average refracting power of surface 
refracting power on the principal meridional curve 
are gradually increased from the center OF of the 
farsight portion to the farsight eye point E position 
and connected to the additional power curve of the 



intermediate portion P continuously and smoothly. 
Thus, the farsight portion F and the intermediate 
portion P are connected smoothly, so that the 
preferable vision of the intermediate portion can be 

5 obtained. 

As described above, according to the present 
invention, the farsight portion can have a properly 
wider distinct vision area and the intermediate and 
nearsight portions can also have sufficiently wider 

w distinct vision areas for practical use. Also, the 
distortion and fluctuation of an image can be re- 
duced in the side regions, in particular, the nasal 
side region. Thus, the optimum shape of the lens 
as well as the optimum aberration balance over the 

75 entire refracting surface can be realized. 

In designing the lens surface of such a pro- 
gressive multifocal lens, the design and evaluation 
are not limited to the range of the circular shape of 
the lens. Assuming a square including the circular 

20 shape of the lens surface, the design and evalu- 
ation were performed for the surface shape within 
the square. Thus, by optimizing the curve of the 
larger surface including the circular shape of the 
lens, it is possible to form a practical lens surface 

25 more smoothly and excellently. 

In Fig. 6, OG is a geometric center of the lens 
and W is the radius of the lens. Curves $3 to #-3 
and curves Lo to £3 indicate horizontal and vertical 
sections respectively along Z- and Y-axes to be 

30 used as references in a lens design. 

In general, as progressive multifocal lenses are 
worked to frames of spectacles, the respective 
areas of the farsight, intermediate and nearsight 
portions F, P and N, in particular, the areas of the 

35 farsight and nearsight portions F and N including 
the peripheral portion are changed largely due to 
the shape of the frame. Prior to work, progressive 
multifocal lenses are circular lenses having a diam- 
eter of 60 mm or more and supplied to spectacles 

40 shops as they are. In the spectacles shops, the 
lenses are worked in correspondence with desired 
spectacle frames. 

Therefore, the prescription of the lens surface 
shape of the progressive multifocal lens of the 

45 present invention is determined based on the lens 
shape prior to processing. And, for designing the 
optimum surface shape of the multifocal lens, it is 
necessary to achieve optimum aberration balance 
by taking into consideration not only the surface 

50 shape of the central region to be used with high 
frequency but also that of the larger region includ- 
ing the effective region to be used. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 

Fig. 1 is a plan view showing divisions of re- 
gions of an asymmetrical progressive multifocal 
lens according to an embodiment of the present 
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invention; 

Fig. 2 is an explanatory diagram showing the 
state of an eye when the progressive multifocal 
lens is worn and the state of a vertical cross 
section of the lens along a principal meridional 
curve; 

Fig. 3 is a graph showing an additional power 
curve of the progressive multifocal lens in which 
average refracting power of surface refracting 
power on the principal meridional curve are plot- 
ted at respective positions on the meridional 
curve; 

Fig. 4 is a graph showing a refracting power 
distribution curve of the progressive multifocal 
lens; 

Fig. 5 is a graph showing astigmatic difference 
curves of the progressive multifocal lens; and 
Fig. 6 is a diagram for explaining horizontal and 
vertical sections to be used as references in 
designing the progressive multifocal lens. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENT 

An embodiment of the present invention will be 
described below with reference to the accompany- 
ing drawings. 

Fig. 2 is an explanatory diagram showing the 
state of an eye when the progressive multifocal 
lens is worn and the state of a vertical cross 
section of the lens along a principal meridional 
curve. As an eye-ball rotates around a center CR, a 
visual line P passes various points on the progres- 
sive multifocal lens L. When seeing a near object, 
a face is inclined downward and, simultaneously, 
the visual line P is lowered by an angle a. At this 
time, when the progressive multifocal lenses are 
worn as spectacles, visual lines of both eyes are, 
while being converged, each shifted from the inter- 
mediate portion P to the nearsight portion N along 
the meridional line of the lens L Among portions of 
a retina sensing a vision, the portion where a visual 
acuity becomes best is the fovea of the macula. 
When seeing an object, it is necessary to form 
clear images in the fovea positions by directing 
eyes to the object such that the visual lines co- 
incide with the fovea positions. An object-side con- 
jugate position when the fovea position is not ad- 
justed is called the far point of accommodation. 
The locus T of the far point of accommodation 
when the eye-ball is rotated is called the far point 
spherical surface. 

Fig. 2 shows the state of the hyperopia eye. As 
the far point of accommodation of the hyperopia 
eye is located behind the eye-ball, the far point 
spherical surface T can be drawn around the cen- 
ter CR. Therefore, it is equivalent to the state that 
the fovea of the macula is located in a position of 



the far point spherical surface T. 

Then, a ray p from the far point spherical 
surface passing the center CR and being directed 
to the progressive multifocal lens L is considered 

5 and a position where the ray p is converged after 
refracted by the lens L is an object position. At this 
time, when the position of a m-image (a meridional 
image) along the principal meridional curve co- 
incides with the position of a s-image (a sagittal 

io image) in the direction perpendicular to the princi- 
pal meridional curve, the state of the image forma- 
tion becomes preferable. However, in general, the 
m-image does not coincide with the s-image and 
an astigmatic difference is produced. When the 

75 degree of the astigmatic difference is large, an 
image is distorted, imparting uncomfortable feeling 
to the user. 

A curve shown in Fig. 2 shows the change of 
the conjugate point with the far point spherical 

20 surface T and is a line formed by linking average 
positions of m-images and s-images. And, this 
curve corresponds to a so-called additional power 
curve of the progressive multifocal lens L. In Fig. 2, 
the refracting power of the farsight portion F is 0 

25 diopter and the refracting power of the nearsight 
portion N is 2 diopter. Then, the additional power 
Ad is 2 diopter. The distance A between the m- 
image and the s-image corresponds to the as- 
tigmatic difference as an aberration in the state that 

30 the lens is worn. 

Thus, by performing performance evaluation of 
the lens in the state that the lens is actually worn, it 
is possible to design the lens having optimum 
performance for practical use. 

35 The center OF of the farsight portion F is a 

position on the principal meridional curve having a 
predetermined average surface refracting power in 
the farsight portion F and is made as a reference 
point for practically measuring the farsight portion 

40 F. The center ON of the nearsight portion N is a 
position on the principal meridional curve having a 
predetermined average surface refracting power in 
the nearsight portion N and is made as a reference 
point for practically measuring the nearsight portion 

45 N. 

The farsight eye point E is made as a refer- 
ence point when setting the lens in a frame of 
spectacles and coincides with a farsight visual line 
passing position when the spectacles are worn. 

so As shown by the average refracting power dis- 

tribution curve on the principal meridional curve in 
Fig. 3, the position of the farsight eye point E is 
determined independently of the geometric center 
of the lens and is defined in the present invention 

55 as follows. Namely, in the additional power curve 
shown in Fig. 3 by plotting average refracting pow- 
er of surface refracting power on the principle 
meridional curve for respective positions on the 
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principal meridional curve, a point E where a line b 
which is parallel to a line a connecting the center 
OF of the farsight portion F and the center ON of 
the nearsight portion N and contacts the additional 
power curve on the farsight portion F side inter- 
sects with a line c representing an average refract- 
ing power at the center OF of the farsight portion F 
is defined as a farsight eye point. 

Fig. 4 is a refracting power distribution power 
curve of the progressive multifocal lens on the 
principal meridional curve according to the embodi- 
ment of the present invention. 

In the progressive multifocal lens of this em- 
bodiment, the average refracting power (base 
curve) of the farsight portion F is 3.5 diopter and 
the additional power A is 2.5 diopter. Therefore, the 
refracting power at the center OF of the farsight 
portion F is 3.5 diopter and that at the center ON of 
the nearsight portion N is 6.0 diopter. 

A refracting power distribution curve pm in the 
direction along the principal meridional line as in- 
dicated by a broken line and a refracting power 
distribution curve ps in the direction perpendicular 
to the principal meridional curve as indicated by a 
solid line both become maximum at approximately 
center of the nearsight portion N on the principal 
meridional curve and decrease toward the periph- 
eral region of the nearsight portion N along the 
principal meridional curve. The values of pm and 
ps are substantially different from each other from 
the lower portion of the farsight portion F to ap- 
proximately the center of the intermediate portion 
P. 

On the other hand, the values of pm and ps are 
substantially equal from approximately the center 
of the intermediate portion P to the lower portion of 
the intermediate portion P and are substantially 
different from each other from the lowest portion of 
the intermediate portion P to the nearsight portion 
N. 

In the farsight portion F of the progressive 
multifocal lens of this embodiment, from the center 
OF of the farsight portion F to the upper portion of 
the farsight portion F, the value of the curvature pm 
along the principal meridional curve is gradually 
decreased and then increased and the value of the 
curvature ps in the direction perpendicular to the 
principal meridional curve is kept constant for a 
while and then decreased. Also, in the vicinity of 
the center OF of the farsight portion F, the value p 
= |pm - ps| approaches Zero. In the progressive 
multifocal lens of the present invention, depending 
on the selected curvature (refracting power) of the 
farsight portion F, from the center OF of the far- 
sight portion F to the upper portion of the farsight 
portion F, the value of the curvature pm along the 
principal meridional curve is gradually increased 
and then decreased and the value of the curvature 



ps in the direction perpendicular to the principal 
meridional curve is kept constant for a while and 
then increased. 

Further, in the progressive multifocal lens of 
5 this embodiment, average refracting power of sur- 
face refracting power on the principal meridional 
curve are gradually increased from the center OF 
of the farsight portion to the farsight eye point E 
position and connected to the additional power 
io curve of the intermediate portion P continuously 
and smoothly. 

Also, in the progressive multifocal lens of this 
embodiment, in the farsight portion F, from the 
center OF of the farsight portion F to the upper 
15 portion of the farsight portion F, the increase 
amount AD (diopter) of the average refracting pow- 
er of surface refracting power along the principal 
meridional curve and the gradient Dk (diopter/mm) 
of the average refracting power of surface refract- 
20 ing power along principal meridional curve are fol- 
lowing values: 

AD = - 0.35 (diopter) 
Dk = - 0.016 (diopter/mm). 
Namely, with respect to the additional power A 
25 of 2.5 diopter, the following relationships hold: 
|AD| = 0.1 4A 
|Dk| = 0.0064A. 

Further, in the progressive multifocal lens of 
this embodiment, from the center OF of the farsight 
30 portion F to the farsight eye point E position, the 
increase amount AD (diopter) of the average re- 
fracting power of surface refracting power along the 
principal meridional curve and the gradient Dk (di- 
opter/mm) of the average refracting power of sur- 
35 face refracting power along principal meridional 
curve are following values: 

AD = 0.20 (diopter) 

Dk = 0.033 (diopter/mm). 

Namely, with respect to the additional power A 
40 of 2.5 diopter, the following relationships hold: 

|AD| = 0.08A 

|Dk| = 0.01 32A. 

Fig. 5 shows astigmatic difference curves of 
the progressive multifocal lens of this embodiment 

45 based on the result of the performance evaluation 
carried out according to the design method shown 
in Fig. 2. The astigmatic difference curves are 
plotted by 0.5 diopter. 

As shown in Fig. 5, according to the present 

so invention, the density and gradient of lines repre- 
senting the astigmatic difference are reduced in the 
side regions between the farsight portion F and the 
intermediate portion P owing to the gentle power 
gradient from the center OF of the farsight portion 

55 F to the farsight eye point E. Also, the astigmatic 
difference is reduced in side regions of the farsight 
portion F by imparting the gentle refracting power 
of gradient to the upper portion of the farsight 
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portion F. Further, the astigmatic difference of the 
nasal side region where the astigmatic difference is 
liable to be concentrated as compared to the tem- 
poral side region is reduced and the density and 
gradient of lines representing the astigmatic dif- 5 
ference are reduced. Also, the density and gradient 
of the astigmatic difference are reduced in side 
regions of the nearsight portion N due to the power 
gradient by the decrease of the power in the lower 
portion of the nearsight portion N and the approxi- w 
mately constantly kept value p = |pm - ps| in a 
portion of the nearsight portion N in the vicinity of 
the center ON of the nearsight portion N. 

Further, the main curvatures pm and ps are 
substantially different from each other from the 75 
lowest portion of the intermediate portion P to the 
nearsight portion N, so that the vision in these 
portions are improved and the aberration density in 
the side regions of these portions where the ab- 
erration is liable to be concentrated can be alle- 20 
viated. As a result, the distortion and fluctuation of 
an image can be reduced, making it possible to 
obtain a larger distinct vision area. 

Also, the main curvatures pm and ps are sub- 
stantially equivalent from approximately the center 25 
of the intermediate portion P to the lower portion 
thereof. Therefore, the connection between this 
portion and the upper portion of the intermediate 
portion P and the connection between this portion 
and the upper portion of the nearsight portion N 30 
can be performed continuously and smoothly and 
preferable vision of the intermediate portion can be 
obtained. 

Although it is difficult to completely explain and 
define the trend of the entire surface refracting 35 
power including the peripheral portion by the trend 
of the surface refracting power on the principal 
meridional curve, it is possible to keep the aberra- 
tion balance preferable over the entire lens surface 
as well as to obtain excellent visual characteristics 40 
by the above-mentioned surface refracting power 
distribution on the principal meridional curve ac- 
cording to the present invention. 

As described above, in the progressive mul- 
tifocal lens of the present invention, by the gentle 45 
power gradient from the center of the farsight por- 
tion to the farsight eye point, the density and 
gradient of the lines representing the astigmatic 
difference in the side regions from the lower por- 
tion of the farsight portion to the intermediate por- 50 
tion are reduced. Also, by imparting the gentle 
power gradient to the upper portion of the farsight 
portion, the astigmatic difference in the side re- 
gions of the farsight portion can be reduced. Fur- 
ther, due to the power gradient by the power 55 
decrease of the lower portion of the nearsight por- 
tion, the density and gradient of the astigmatic 
difference in the side regions of the nearsight por- 



tion are reduced. 

Therefore, in the progressive multifocal lens of 
the present invention, with a distinct vision area of 
the farsight portion kept sufficiently wide for prac- 
tical use, the vision can be improved in the inter- 
mediate and nearsight portions and the aberration 
density in the side regions of the principal meridi- 
onal curve from the lower portion of the farsight 
portion to the nearsight portion, in particular, the 
side region of the nasal side can be alleviated. As 
a result, it is possible to reduce the distortion and 
fluctuation of an image considerably and then, even 
a user who wears these lenses as spectacles for 
the first time does not feel uncomfortable. 

Claims 

1. A progressive multifocal lens comprising, along 
a principal meridional curve, a farsight portion 
having a refracting power corresponding to a 
distant view, a nearsight portion having a re- 
fracting power corresponding to a near view 
and being arranged asymmetrically toward a 
nasal side, and an intermediate portion, located 
between said farsight and nearsight portions, 
for continuously connecting the refracting pow- 
ers of said farsight and nearsight portions and 
wherein the values of a curvature pm of a 
refracting surface along the principal meridi- 
onal curve and a curvature ps of said refracting 
surface in a direction perpendicular to said 
principal meridional curve become maximum 
at approximately an center of said nearsight 
portion on said principal meridional curve, de- 
crease toward a peripheral region of said near- 
sight portion along said principal meridional 
curve, are substantially different from each oth- 
er at least from lower portion of said farsight 
portion to approximately a center of said inter- 
mediate portion, are substantially equivalent 
from approximately the center of said inter- 
mediate portion to a lower portion of said inter- 
mediate portion, and are substantially different 
from each other from a lowest portion of said 
intermediate portion to said nearsight portion. 

2. A progressive multifocal lens according to 
claim 1, wherein the values of the curvature 
pm and the curvature ps are gradually de- 
creased or increased from a center of said 
farsight portion to an upper portion of said 
farsight portion. 

3. A progressive multifocal lens according to 
claim 2, wherein average refracting power of 
surface refracting power along the principal 
meridional curve is gradually increased from 
the center of said farsight portion to a farsight 
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eye point position and connected to an addi- 
tional power curve of said intermediate portion 
continuously and smoothly. 

4. A progressive multifocal lens according to 5 
claim 2, wherein, from the center of said far- 
sight portion to the upper portion of said far- 
sight portion, the following condition is satis- 
fied: 

10 

0.03A < |AD| < 0.3A 
0.003A ^ |Dk| £ 0.03A, 

wherein 

AD : a change amount (diopter) of average is 
refracting power of surface refracting power 
from the center of said farsight portion to the 
upper portion of said farsight portion along 
said principal meridional curve 

A : an additional power (diopter) 20 
Dk : a gradient (diopter/mm) of a curve of 
the average refracting power of surface refract- 
ing power from the center of said farsight 
portion to the upper portion of said farsight 
portion along said principal meridional curve. 25 



sight portion to said farsight eye point position, 
the following condition is satisfied: 

0.025A £ AD S 0.25A 
0.0025A ^ Dk ^ 0.025A, 

wherein 

AD : a change amount (diopter) of the 
average refracting power of surface refracting 
power from the center of said farsight portion 
to said farsight eye point position along the 
principal meridional curve 

A : an additional power (diopter) 
Dk : a gradient (diopter/mm) of a curve of 
the average refracting power of surface refract- 
ing power from the center of said farsight 
portion to said farsight eye point position along 
said principal meridional curve. 



5. A progressive multifocal lens according to 
claim 3, wherein, from the center of said far- 
sight portion to said farsight eye point position, 
the following condition is satisfied: 30 



0.025A ^ AD ^ 0.25A 
0.0025A ^ Dk ^ 0.025A, 



wherein 35 

AD : a change amount (diopter) of the 
average refracting power of surface refracting 
power from the center of said farsight portion 
to said farsight eye point position along the 
principal meridional curve 40 
A : an additional power (diopter) 
Dk : a gradient (diopter/mm) of a curve of 
the average refracting power of surface refract- 
ing power from the center of said farsight 
portion to said farsight eye point position along 45 
said principal meridional curve. 



6. A progressive multifocal lens according to 
claim 1, wherein average refracting power of 
surface refracting power along said principal 50 
meridional curve are gradually increased from 
a center of said farsight portion to a farsight 
eye point position and connected to an addi- 
tional power curve of said intermediate portion 
continuously and smoothly. 55 



7. A progressive multifocal lens according to 
claim 6, wherein from the center of said far- 



10 



BNSDOCfD: <EP 0627647A2_I_> 



EP 0 627 647 A2 




FIG. 5 




BNSDOCID: <EP 0627647A2_L> 



11 



EP 0 627 647 A2 



FIG. 2 





BNSDOCID: <EP 0627647A2_I_> 



12 



EP 0 627 647 A2 



E to 




\ 
\ 

\ 

\ 

\ 

\ 
\ 
I 

/ 

/ 

/ 



BNSDOCID: <EP 0627647A2_I_> 



13 



EP 0 627 647 A2 



FIG. 6 



y 




BNSDOCfD: <EP 0627647A2J_> 



14 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



ill 




© Publication number: 



0 627 647 A3 



EUROPEAN PATENT APPLICATION 



© Application number: 94108368.5 


© int. CI. 6 : G02C 7/02 


(22) Date of filing: 31.05.94 




© Priority: 31.05.93 JP 149730/93 


Takatsu-ku 


(43) Datp nf nuhliratinn nf annlir-fltinrv 


rvd vvadaivi 5>i 11, 


i\anagawa-Ken (jr) 


07.12.94 Bulletin 94/49 


lllVoNlUl. UillcUdj I UollldlM 


© Designated Contracting States: 
uc rn 


£i* iu, ivamiogi ^-cnome 

Suginami-ku, 

Tokyo (JP) 


© Date of deferred publication of the search report: 
20.09.95 Bulletin 95/38 


Inventor: Takahashi, Fumio 
2100-6, Fukawa, 
Tone-machi 
Kita Soma-gun, 


© Applicant: NIKON CORPORATION 


Ibaraki-ken (JP) 


2-3, Marunouchi 3-chome 




Chiyoda-ku 
Tokyo (JP) 


© Representative: Weser, Wolfgang 


Dres. Weser & Martin, 


@ Inventor: Ueno, Yasunori 


Patentanwalte, 


Famiyu Sanku 201, 


Radeckestrasse 43 


418-1, Suwa, 


D-81245 Miinchen (DE) 



© Progressive multifocal lens. 



CO 
< 

CO 

CM 
CO 



© In a progressive multifocal lens of the present 
invention, the values of a curvature pm of a refract- 
ing surface along the principal meridional curve and 
a curvature pS of the refracting surface in a direction 
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come maximum at approximately the center of a 
nearsight portion on the principal meridional curve, 
decrease toward the peripheral region of the near- 
sight portion along the principal meridional curve, 
are substantially different from each other at least 
from the lower portion of a farsight portion to ap- 
proximately the center of a intermediate portion, are 
substantially equivalent from approximately the cen- 
ter of the intermediate portion to the lower portion of 
the intermediate portion, and are substantially dif- 
ferent from each other from the lowest portion of the 
intermediate portion and the nearsight portion. 



FIG. 1 

M 





OF F \ 
E \ 




f 0G 

P / 



(ON 



N 



UJ 



M' 



Rank Xerox (UK) Business Services 

(3.10/3.09/3.3-41 

BNSDOCIO. <EP 0627647 A3_l_> 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Numbs 

EP 94 10 8368 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



D,A 



Citation of document with indication, where appropriate, 
of relevant passages 



FR-A-2 533 708 (K.K SUWA SEIKOSHA) 30 
March 1984 

* page 10, line 12 - page 11, line 25; 
figures 5A-7B * 

US-A-5 000 559 (F. TAKAHASHI ET AL.) 19 
March 1991 

* column 5, line 63 - column 8, line 30; 
figures 1-4B * 

EP-A-0 408 067 (NIKON CORP.) 16 January 
1991 

* column 8, line 36 - column 11, line 12; 
figures 1-5 * 

APPLIED OPTICS, 

vol. 32, no. 1, 1 January 1993 NEW YORK 
US, 

pages 111-117, XP 000331309 

G.H. GUILINO 'design philosophy for 

progression addition lenses 1 

* the whole document * 



The present search report has been drawn up for ail claims 



Relevant 
to claim 



Place of scare* 

THE HAGUE 



Date of ona*»letloa of the tearco 



25 July 1995 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.5) 



G02C7/02 



TECHNICAL FIELDS 
SEARCHED (lntd.5) 



G02C 



Sarneel , A 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



theory or principle underlying the invention 
earlier patent document, but published on, or 
after the filing date 

: document cited in the application 

; document cited for other reasons 



& : member of the same patent family, corresponding 



BNSDOCID: <EP 0627647A3_I_> 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



THIS RAGE BLANK (uspto) 



j 



